ABSTRACT.--Recent research suggests that foods eaten during laying and incubation play a greater role in supplying energy and nutrients to arctic-nesting geese than previously believed. We conducted food-supplementation experiments with Ross's Geese (Chen rossii) and Lesser Snow Geese (C. caerulescens) geese to evaluate: (1) if supplemental food was consumed by laying and incubating geese, (2) how food consumption influenced mass dynamics of somatic tissues of breeding geese, (3) if patterns of mass loss were consistent with fasting adaptations, and (4) whether energetic constraints would cause smaller Ross's Geese to consume more food relative to their body size than would larger Snow Geese. Quantity of supplemental food eaten by both species during laying and incubation was highly variable among individuals. Consumption of supplemental food during laying resulted in differences in overall body composition between control and treatment females. Treatment female Ross's Geese completed laying at a higher mass and with more abdominal fat than controls, whereas treatment female Snow Geese completed laying with heavier breast muscles and hearts. Overall body composition did not differ between control and treatment geese (both sexes and species) at the end of incubation, but treatment geese had heavier hearts than control geese. This suggests that treatment females did not rely to the same extent on metabolic adaptations associated with anorexia to meet energetic costs of incubation as did controls. Stable-nitrogen isotope analysis revealed patterns of protein maintenance during incubation consistent with metabolic adaptations to prolonged fasting. Our prediction that energetic constraints would cause smaller Ross's Geese to consume more food relative to their size than would Snow Geese was not supported. Mass-specific food consumptionby Ross's Geese was 30% lower than that of Snow Geese during laying and 48% higher during incubation.
sumed by laying and incubating geese, (2) how food consumption influenced mass dynamics of somatic tissues, and (3) whether patterns of mass loss were consistent with fasting adaptations. Furthermore, based on mass-specific differences in metabolic rates, we predicted that energetic constraints would induce smaller Ross's Geese to consume more food relative to their body size than would larger Snow Geese. Experimental food-supplementation studies of precocial birds are few (see Watson et al. 1984) , and, to our knowledge, they have not been attempted previously for arctic species. Food supplementation: Incubation.--Eight transects of variable length (750 to 1,500 m), each at least 30 m apart, were established for the incubation study. We randomly selected nests during laying by checking transects every second day. Focal nests were separated along transects by at least 30 m. At the onset of incubation (i.e. two days after no additional eggs appeared), geese were randomly assigned to either a treatment or control group. Each treatment pair was given 300 g each of corn, wheat, and rice piled separately within 20 cm of each nest. Food was placed in a consistent orientation with respect to the nest, with corn north, wheat west, and rice south. Food consumption was estimated visually every three to four days and replenished as needed.
STUDY AREA AND METHODS

Ross's Geese and Snow
Behavior.--Thirty-minute observations between 0700 and 1600 CST were used to compare behaviors (behavior of both members of the pair was recorded simultaneously) of control and treatment pairs during laying and incubation to evaluate whether provisioning of pairs with supplemental food increased antagonistic interactions with neighbors. Behavioral data were used to assess whether energy gained by consumption of supplemental food was offset by increased costs of territory defense. Specifically, we examined if supplemental food caused an increase in nest or territory defense, or intensity or frequency of social interactions. We recorded the following behaviors every 10 s: foraging, alert, resting (not including nest attendance), nest attendance, and social interaction (see Gauthier and Tardif 1991, Astrom 1993). Foraging behaviors were recorded when birds held their heads below horizontal, either grazing, grubbing or searching for food (see Gauthier and Tardif 1991) and were primarily observed away from the nest. All observations were made from 150 to 300 m using 15 to 60x spotting scopes. Four levels of social interaction were recorded (head shake, head down threat, chase, and fight). Intensity of social interactions was scored by summing frequency of occurrence of each behavior multiplied by its relative intensity ranked as follows: head shake = 1, head down threat = 2, chase = 3, and fighting = 4. Observations were made by experienced observers. Simultaneous observations by both observers of the same goose pair (n = 10 pairs) revealed no quantitative difference in behavioral assessments, so data from both observers were pooled.
Collection. Statistical analyses.--We measured skull height, skull length, keel, and tarsus with precision calipers (_+0.1 mm). We used the correlation matrix of these measurements in a principal components analysis (PCA) to derive PC1 as a size index (Reyment et al. 1984 ). Both species and sexes were combined in this analysis to index size on the same scale. All factor loadings on PC1 were >0.3. Morphological measurements included in the PCA explained 93.3 and 92.1% of the variation in size between species and sexes of geese collected during laying and incubation, respectively. Where appropriate, PC1 scores were used to control for variation in body size (see below).
We used multivariate analysis of covariance (MANCOVA) to analyze overall time budgets as well as intensity of social interactions. All percentages were arcsine-transformed'before further analyses (Zar 1984 
Use of exogenous resources should have increased
as incubation proceeded and endogenous reserves were depleted. Thus, we predicted that consumption of supplemental food would increase as incubation proceeded. Based on up to seven visits (three days apart) to each nest, we calculated the proportion (P•) of total food (all types) consumed by each pair for each nest between sequential visits:
where F, is food consumed between two sequential visits and Ftot,• is total food consumed by the pair during the entire experiment. Proportions were arcsinetransformed (Zar 1984) . We used these repeated measurements of food consumption in a nested AN-OVA with days of supplemental food nested within pair to evaluate temporal changes in food consumption. Food was initially supplied on day 3 (mode, range 3 to 7) of incubation. We used days of supplemental food instead of day of incubation because food was not provided to geese at the same stage of incubation.
We used MANCOVA to test if food supplements affected body composition of females. This procedure allowed for simultaneous evaluation of overall changes in body composition as defined by mass of body, fat, breast, heart, and gizzard. •P = 0.085.
consume supplemental food and suggests that, at least during laying, treatment pairs consumed most or all of the supplemental corn. Small sample size and high variability in likely contributed to the observed nonsignificant differences during incubation. We assume that treatment pairs consumed the supplemental food (corn, wheat, and rice) that disappeared. (Fig. 1) . Therefore, we believe that both genotypes occur at Karrak Lake. (1978) showed that heavier female Snow Geese had, on average, larger potential clutch sizes, and that females depleted endogenous reserves to similar levels regardless of clutch size. However, we believe that food supplements in our study were provided after females had initiated growth of the last follicle such that changes in clutch size were unlikely (Gloutney unpubl. data).
Consumption of supplemental food did not change as incubation proceeded (nested AN-
The body-size hypothesis (Afton 1980) predicts that Ross's Geese should make greater use of exogenous resources than Snow Geese. We found that mass-specific food consumption by Geese during laying but 48% higher during incubation. However, differences were not significant during either reproductive period. There were also no differences in time spent foraging by Ross's Geese and Snow Geese during laying and incubation. Apparently, high variance in prevalence and intensity of anorexia within species required sample sizes larger than ours for sufficient power to detect a statistical difference in mass-specific food consumption between species. However, a larger proportion of Ross's Geese consumed little or no food relative to food consumption in Snow Geese (Fig. 1) .
Abdominal fat reserves at the end of laying were higher in geese that ate supplemental food than in control geese. However, this difference disappeared by the end of incubation. 
